The region between yvsA (293") and yvqA (289") of the Bacillus subtilis chromosome has been sequenced within the framework of the B. subtilis 168 international sequencing programme. A primary analysis of the 42 ORFs identified in this 43 kb region is presented. The region included a high proportion of genes that did not show homology with genes in other bacteria. The identified ORFs showed homology to proteins involved in the transport of metal ions, two-component signal transducers, ATP-binding-cassette-type transporters and a sigma factor.
INTRODUCTION
Bacillus subtilis is one of the most genetically amenable bacteria and an important source of industrial enzymes. Furthermore, our understanding of the molecular biology of B. subtilis is second only to that of Escherichia coli. The sequencing of the entire B. subtilis genome has recently been completed by an international consortium involving European, Japanese and US research groups (Kunst et al., 1997) . With the complete genome sequence, B. subtilis is rapidly becoming a model organism for the study of Gram-positive bacteria. The genome sequence of B. subtilis, in conjunction with that of E. coli (Blattner et al., 1997) , will facilitate a detailed analysis of the evolution of two organisms that diverged more than a billion years ago, and the existence of a systematic functional analysis programme for B. subtilis (Harwood Abbreviation : ABC, ATP-binding cassette.
The EMBL accession number for the sequence reported in this paper is AJ223978. means that the sequence data will be fully exploited.
We have sequenced the 43 kb region between yvsA (293") and yvgA (289"). The region encodes genes involved in the utilization and uptake of metal ions, including at least three putative ATP-binding-cassette (ABC) -type transporters, three two-component systems, genes involved in germination and many genes of unidentified function. This study reports the primary analysis of the region and describes the main features of the ORFs which have not been previously sequenced.
METHODS
Bacterial strains, bacteriophages and plasmids. Chromosomal DNA for sequencing was prepared from B. subtilis strain 168 (Anagnostopoulos & Spizizen, 1961) , kindly provided by C. Anagnostopoulos (INRA, Jouy-en-Josas, France).
DNA was cloned into bacteriophage or the general purpose vector pUC18 (Vieira & Messing, 1987) , as described previously The yvsA-yvqA region of the B. subtilts chromosome lambda phage library containing chromosomal DNA from B. subtilis strain 168 was prepared as described previously . Specific chromosomal DNA was amplified for cloning and sequencing by PCR. B. subtilis chromosomal DNA, either cloned in lambda or as a long PCR product, was randomly fragmented with DNase I and cloned into pUC18, as described previously . All other DNA methods were as described previously (Altschul et al., 1990 ) available on the World Wide Web.
RESULTS AND DISCUSSION
Sequencing and analysis of the region from yvsA to yv9A
The physical organization of the 42.8 kb region between yusA and yuqA, located at approximately 290" on the chromosome, is shown in Fig. 1 . Prior to these studies, contigs of 4.6 kb (fiuD-fiuC; Schneider & Hantke, 1993) and 5.9 kb (gerAC-yuxN; Miles & Guest, 1985; Zuberi et al., 1987) had been sequenced. However, these regions were resequenced on both strands and some discrepencies indicated on the annotated sequence. The low density of previously mapped genes in this region meant that it was one the last regions of the B. subtilis genome to be sequenced.
Probing a lambda phage library with f i u D and citG resulted in the identification of two non-overlapping lambda clones of approximately 11 kb that were sequenced in their entirety. Sequences at the ends of these clones facilitated the design of PCR primers to the regions flanking fhuD and citG. The remainder of the region was therefore sequenced using specific oligonucleotide primers and direct or inverse PCR products as templates.
Analysis of the region for ORFs of at least 60 amino acids in length and with appropriately located putative ribosome-binding sites and initiation codons resulted in the identification of 42 putative ORFs. These range in size from 61 residues (yurF) to 617 residues (yug]), with a mean length of 306 residues. ORFs account for 90 YO of the potential coding capacity of the DNA. The largest non-coding region, 706 bp in length, is located between the divergent yusG and yvsH genes. Sixty-three per cent of the ORFs are orientated in the same direction as the movement of the replication complex, which is slightly lower than that observed for other regions (Glaser et al., 1993; Ogasawara et al., 1994) . This might reflect a higher proportion of genes that are expressed under conditions in which the chromosome is not replicating.
The sizes, putative ribosome-binding sites and initiation codons for the newly identified ORFs are shown in Table 1 . Eleven putative p-independent transcription terminators were identified and their locations and sequences are shown in Fig. 1 and Table 2 , respectively. In line with previous observations , ATG was the most common start codon (ATG, 70% ; TTG, 15%; GTG, 1 5 % ) whilst TAA was the most common stop codon (TAA, 51 YO ; TGA, 28 YO ; TAG,
The number of genes of unknown function in this region is high and the functions of only 8 of the 43 putative genes have been confirmed experimentally. These are f i u D , -B, -G and -C, encoding components of a ferrichrome ABC transporter (Schneider & Hantke, 1993) ; gerAA, -AB and -AC, whose products form a complex at the inner spore membrane required for the germination response to L-alanine (Zuberi et al., 1987) ; and citG, encoding fumarate hydratase (Miles & Guest, 1985) .
Homology search and properties of newly identified ORFs
The BLAST algorithm (Altschul et al., 1990 ) was used to search the protein databases for homologues of the newly identified ORFs. Table 3 shows the homologues identified up to 1 February 1998. The putative protein sequences of seven ORFs, yusA, yurL, yur] , yurF, yuql, yuqG and yuqF, show no significant homologies to any entries in the current databases. T w o of these ORFs, yvr] and yurF, are contained entirely within, but would be transcribed in the opposite orientation to, genes yurI and yurE, respectively.
Three genes had paralogues in the B. subtilis chromosome. The yvgN gene product showed homology to that of ytbE, located in the rrnB-dnaB region. Both of these gene products showed similarities to plant-metabolite dehydrogenases, such as morphine dehydrogenase and aldose reductases, from a variety of organisms. The predicted product of the yug] gene showed a high level of similarity to the products of two other genes of unknown function, yqgS and yfnl. yuxN had been partially sequenced previously (Miles & Guest, 1985) and we extended the N-terminal region of the encoded polypeptide by 213 residues. Its product showed a weak level of similarity with the product of the ycnC gene (Yamane et al., 1996) . Three new putative transporters were located in the region. y v g M , yvgL and yvgK genes appear to be in an operon of 2-5 kbp. Their products are likely to be involved in the transport of molybdenum. YvgM shows homology with the permease component of an ABC transporter protein from Synechocystis sp. (Kaneko et al., 1995) and with ModB, a membrane protein of E . coli involved in the uptake of molybdenum by the products of the modABCD operon (Maupin-Furlow et al., 1995) .
The putative product of yvgL shows a high level of similarity to ModA, the molybdenum-binding protein of Synechocystis sp., E. coli and Haemophilus influenzae. In common with the binding proteins of many other uptake pathways in Gram-positive bacteria, YvgL has a putative lipoprotein signal sequence that would anchor it to the trans side of the cytoplasmic membrane (Simonen & Palva, 1993) . The putative product encoded by yvgK shows a high level of similarity to a putative Nif-related protein from Clostridium pasteurianum (Chen et al., 1986) , a signficant level of similarity to a hypothetical protein in the ferredoxin Genes yvrP, yvrO and yvrN appear to be in an operon of approximately 3 kb encoding a putative ABC transporter. The yvrP gene product shows a low level of similarity to a putative ABC transporter accessory factor from Lactobacillus sake (Axelsson & Holck, 1995) . 0648 (YbjZ) from E. coli (Blattner et al., 1997) , which is 648 amino acids in length, shows similarity throughout its length to both YvrO and YvrN. In contrast, YbbA Kunst et al., 1997) and the C-terminus of the E. coli 0648 (Blattner et al., 1997) . Thus, while E. coli appears to have a single large protein equivalent to ORFs YvrO and YvrN, other organisms encode two smaller proteins.
The N-terminus of YvrN was identical to a previously sequenced polypeptide fragment, YziB, showing signal peptide activity (Smith et al., 1988) . Since this protein does not have a recognizable signal sequence, but has membrane-spanning domains, the previously observed signal peptide activity is presumably a consequence of its hydrophobic nature.
In summary, yvrP, yvrO and yvrN appear to encode the components of an ABC transporter in which YvrP is an accessory factor, YvrO is an ATP-binding protein and YrvN a membrane-spanning component. The ORFs of the latter two genes overlap and it is possible that a mechanism of translation slippage operates between these two genes to generate a single protein (Atkins et al., 1991) .
The yvrC, yvrB, yvrA and yvqK genes appear to be arranged in an operon of 3.9 kb in size encoding another putative ABC transporter. Comparison of the three proteins encoded by yvrC, yvrB and yvrA with the subunits of other ABC-type systems suggests that this is a system involved in metal ion transport. YvrC shows significant homology to iron transport binding proteins from numerous different bacteria. YvrB is homologous to haemin permeases from bacterial species (Fleischmann et al., 1995) and is probably membrane- The putative products of the yvqB and yvqA genes appear to make up another two-component signal transduction system. YvqB shows significant similarity to a sensor protein kinase from Streptomyces hygroscopicus (Schwecke et al., 1995) , whilst yvqA shows significant homology to the product of the phoP gene of B. subtilis, which is the response regulator component of the signal transduction system involved in regulating the response of the cells to phosphate starvation.
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A. W I P A T a n d OTHERS Lee & Hulett (1992) yvrl, y v r H , yvrG and yvrE form a putative operon of approximately 4 kb. The product of yvrl shows a low but significant similarity with RNA polymerase sigma factors from a number of micro-organisms, with the forespore-specific B. subtilis SigG being the most similar (Karmazyn-Campelli et al., 1989) . The putative product of y v r H shows a good level of similarity to a DNA-binding response regulator, DrrA, of Thermotoga maritima (Lee & Stock, 1996) , whilst the product of yvrG shows similarity to a sensor kinase protein, ResE, of B. subtilis (Sorokin et al., 1993 The yvsA-yvqA region of the B. subtilis chromosome RNA polymerase (U0.5664). Interestingly, YvrE also shows good similarity to the senescence marker protein-30 (SpLIIP30) (Fujita et al., 1992 ) from a number of mammals.
